Abstract
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer deaths worldwide, with nearly 700000 deaths attributed to HCC each year. While the burden of HCC is highest in Asia and Africa, its incidence is rising in the developed world, in countries such as the United Kingdom, France, the United States and Australia [1, 2] . The majority of HCC in both developed and developing countries is attributable to viral hepatitis. Hepatitis B virus (HBV) and hepatitis C virus (HCV) are becoming more prevalent in developed countries, due to migration from high prevalence areas and transmission in past decades from injecting drug use [1] . Subjects with HCV and HBV related cirrhosis are at particular risk of HCC. The annual incidence rates of HCC in patients with HCV and HBV are 1%-9% and 0.5%-6% respectively [3, 4] . Increasing rates of obesity and diabetes in the developed world have contributed to the rise of nonalcoholic fatty liver disease (NAFLD). Some patients with NAFLD, particularly those with nonalcoholic steatohepatitis (NASH), progress to cirrhosis and subsequently to HCC [5] [6] [7] [8] . The association between alcoholic cirrhosis and HCC is well established. A recent study showed that alcoholic cirrhosis was the major risk factor in 29% of patients diagnosed with HCC at the Mayo Clinic [5] . The mechanisms by which alcoholic liver disease and NAFLD contribute to the development of HCC are thought to be similar [9, 10] . These are largely dependent on the presence of liver cirrhosis as a prerequisite for the development of HCC [11, 12] .The annual incidence of HCC among patients with alcoholic and NASH cirrhosis has been reported as 2%-8% [1, 2, 11] . HCC is associated with a high morbidity and mortality rate, particularly among those with cirrhosis. The five-year survival rate is 14%-18% [13, 14] . Survival with HCC relates to both the degree of underlying liver impairment and tumor stage at diagnosis [5] . Despite limited data from randomized clinical trials [15] early detection offers the best chance for curative treatment for patients with HCC [16] [17] [18] . HCC risk factors have been clearly established and surveillance of those at risk is recommended. The American Association for the Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver (EASL) recommend an ultrasound of the liver every 6 mo, for patients with cirrhosis due to underlying viral and non-viral liver disease (NVLD) [10] . Routine surveillance of patients with HBV and HCV cirrhosis has been well adopted by gastrointestinal subspecialists however screening of patients with nonviral liver cirrhosis, particularly due to alcohol and NASH appears to be less consistent [16] [17] [18] [19] . The aim of this study was to assess the impact of liver disease etiology on the presenting features and outcomes of HCC.
MATERIALS AND METHODS

Patients
A prospective database of all patients with HCC was established in 1998 at the Royal Prince Alfred Hospital in Sydney, Australia. This is the only liver transplant centre in the state of NSW. This database was censored for this retrospective study in March 2012. Analysis was undertaken of all patients (n = 1078) in this database and patients were categorized into three groups, based on the etiology of their liver disease: HBV, HCV or NVLD. The clinical database and this study were approved by the SLHD Ethics Review Committee (RPAH Zone). Informed consent was obtained.
A diagnosis of HBV infection required the presence of hepatitis B surface antigen (HBsAg). Infection with HCV was confirmed with anti-HCV antibodies and/or HCV PCR. Alcoholic liver disease was diagnosed on the basis of a compatible history of sustained heavy alcohol intake greater than 40 g/d coupled with the absence of viral markers and other causes of liver disease. This diagnosis was assisted with a liver biopsy, if one was available. The diagnosis of NAFLD was made following the exclusion of viral hepatitis and other causes of liver disease in a patient with known fatty liver disease or metabolic risk factors such as obesity and diabetes.
Liver disease and tumor characterisation
Cirrhosis was established in patients either by liver biopsy and/or the basis of results of clinical, laboratory and imaging studies. A diagnosis of HCC was based on positive histopathology on liver biopsy, fine needle aspiration or surgical resection and/or dynamic hepatic imaging demonstrating the presence of one or more liver lesions with enhancement on arterial phase and washout on the venous/delayed phase [20] . The size and number of lesions and presence of vascular invasion were determined by multidisciplinary review of imaging (CT or MRI) and radiology reports.
Inclusion and exclusion criteria
Inclusion criteria included age greater than 18 years of age and a diagnosis of HCC confirmed on dynamic imaging (as described above) and/or supported by histopathology from a fine needle biopsy or surgical resection. Exclusion criteria included: (1) HBV and HCV co infection; and (2) Age less than 18 years of age.
Data source
Data were extracted from the computerized data based, electronic medical records, and clinic and hospital files. Variables included: patient demographics (age, sex, ethnicity) etiology of underlying liver disease, presence of cirrhosis, alpha-fetoprotein (AFP) level, Child Turcotte Pugh (CTP) score and Model for End Stage Liver Disease (MELD) score at presentation with HCC. MELD and CTP score were calculated based on the collection of blood results including albumin, creatinine, International normalized ratio (INR) and bilirubin. Clinic letters were used to determine if subjects had encephalopathy or ascites. Tumorrelated variables included the number of lesions and size of the dominant lesion, extent of disease and the presence or absence of vascular invasion and/or extra hepatic spread. Liver clinic letters and hospital discharge summaries were used to determine if the patient was diagnosed as a result of screening.
Statistical analysis
Continuous variables were screened for normality using the Kolgmogorov-Smirnov and Shapiro-Wilk tests of normality. Non-parametric tests were used to analyse these variables with the Kruskal-Wallis test used to test for overall significance and Mann-Whitney U Tests used for planned pair wise comparisons. The independent variable was cause of liver disease (HBV, HCV, or NVLD). Cross tabulations of the categorical and ordinal variables (ethnicity, vascular invasion, metastases, CTP score, and size of lesion) broken down by cause of liver disease (HBV, HCV, or NVLD) were produced and χ 2 tests of independence were performed to establish whether proportions were independent of cause of liver disease. To test for specific differences in proportions between the causes of liver disease for the variables of interest, Z-tests were computed with the Bonferroni correction adjustment used for all pair wise comparisons within a row for the comparison of percentages. Survival analysis was performed using the Kaplan-Meier estimator. The variable used was number of years from first presentation to death (uncensored cases) or last contact (censored cases). Analysis was performed with pair wise comparisons of survival between the different causes of liver disease (HBV, HCV, or NVLD).
RESULTS
Etiology of liver disease in patients diagnosed with HCC
Of the 1078 patients included in the database, 28 patients (2.6%) with incomplete data and 16 patients (1.5%) with HBV and HCV co-infection were excluded. Of the remaining 1034 patients analysed in this study, liver disease was due to HCV in 467 (45%), HBV in 299 (29%) and NVLD in 268 (26%) patients. Alcoholic liver disease contributed to the majority of the NVLD cohort with 144 patients (54%), followed by NAFLD in 85 (32%) (Figure 1 ). Causes of liver disease in the remainder, included Hereditary Hemochromatosis (7%), Primary Biliary Cirrhosis (3%), Primary Sclerosing Cholangitis (2%), Autoimmune Hepatitis (1%), Alpha-1 antitrypsin deficiency (1%) and Congenital Hepatic Fibrosis (0.4%) ( Table 1) .
Patient characteristics at presentation with HCC
When diagnosed with HCC, patients with a background of NVLD were older (median 64 years), compared with those with HBV (57 years) or HCV (55 years) (p < 0.001). The majority of patients diagnosed with HCC were male but gender did not differ between the three study groups. Patients with NVLD and HCV patients were more likely to be Caucasian, whereas the HBV cohort were predominantly of Asian ethnicity (p < 0.001) ( Table 2) . HBV (Table 5 ). Nearly a third of patients with NVLD were unsuitable for active management at presentation (p < 0.02). A greater proportion of patients with HCC on a background of HCV (21.4%) underwent liver transplantation, compared to patients with NVLD (12.3%) and HBV (13.4%) (p < 0.002). Twenty-four point four percent of patients with HBV-associated HCC underwent surgical resection as primary management, a significantly higher rate that in those with HCV (8.8%) or NVLD (13.1%) (p < 0.001). All three groups were equally as likely to have TACE as primary treatment (39.2%-45.4%). Ablative therapies including percutaneous ethanol injection, radiofrequency ablation and microwave ablation, were more common as primary treatment in HCV-associated HCC (p = 0.011).
Survival in patients diagnosed with HCC
Overall survival was lowest in patients with NVLD with a median survival of 1.7 years (Figure 2 ). Overall survival was 2.8 and 2.6 years in HBV and HCV patients respectively (p < 0.05). Survival at 1, 2 and 5 years was lower in those with NVLD, compared to HCV and HBV patients (p < 0.05). Mortality in all groups was mainly related to tumor progression and/or liver failure.
Multivariate analysis for predictors of survival
In multivariate analysis, independent predictors of survival included CTP score, size of dominant lesion, absence of vascular invasion, and management with surgical resection or liver transplantation (Table 6 ).
DISCUSSION
HCC is a disease of rising incidence and mortality among many developed countries. Screening of high-risk candidates for HCC is recommended by international guidelines [20] to allow for early detection and effective treatment, thus reducing the burden of this disease. Previous studies show that screening in patients with NVLD occurs less frequently when compared to patients with HBV and HCV [16, 19] . Many series reporting on outcomes of HCC are predominantly limited to populations of predominantly hepatitis B (from Asian countries) or hepatitis C (from Japan, North America or Europe). Liver disease due to alcohol often accounts for a smaller proportion of patients in these series [1, 5] , and often the proportion attributable to NAFLD is not reported, or termed cryptogenic liver disease [5, 11, 12] . The strength of our study population is that includes almost equal proportions of patients with hepatitis B, hepatitis C and NVLD, and includes large numbers of both Asian and Caucasian patients reflecting the multi-ethnic mix of a large Australian city. This unique balance of etiologies allows for an examination of the relationship between presenting features and outcomes according to the cause of underlying liver disease.
It was somewhat reassuring that patients with HCC was more likely to be diagnosed within a screening/surveillance program in patients with HCV (84.1%). Seventy-one percent of patients with HBV or NVLD were participating in a screening program, prior to diagnosis with HCC (p < 0.001) ( Table 2) .
Severity of liver disease at presentation
In those newly diagnosed with HCC, patients with NVLD and HCV presented with more severe underlying liver disease, compared to those with HBV. This was demonstrated by MELD scores and CTP classification ( Table 3 ). The median MELD scores of the NVLD and HCV groups were 8.78 (95%CI: 8.1-10.2) and 8.2 (95%CI: 7.6-8.8) respectively. The median MELD for the HBV groups was 6.42 (95%CI: 5.8-7.3). This was statistically significant when comparing the NVLD and HCV groups to the HBV cohort (p < 0.001). A higher proportion of patients with HCV (43.4%) and NVL (45.4%) had hepatic decompensation (CTP B or C) at presentation, compared to those with HBV (18.6%) (p < 0.001). Of patients with HCV, 2.6% did not have cirrhosis, whereas 12.8% of those with NVLD and 22.2% of those with HBV did not have cirrhosis (p < 0.001).
Tumor extent at presentation
Patients with a background of NVLD and HBV had a greater tumor burden at presentation, compared to patients with a background of HCV (Table 4) . Size of dominant lesion, proportion with liver involvement over 50% and evidence of macro vascular invasion were all more common in those with NVLD and HBV, whereas patients with HCV were more likely to have lesions under 5 cm. The median AFP was higher in the HBV patients than in those with HCV or NVLD (p < 0.001).
Primary treatment modalities in patients diagnosed with HCC
Patients with HCC in the setting of NVLD were more likely to receive best supportive care and less likely to receive curative treatments such as resection and transplantation, compared to patients with HCV and HCV cirrhosis were likely to be diagnosed with HCC within a screening program, and perhaps this is why these patients had a lower tumor burden at diagnosis. In Australia, it is estimated that 85% of patients with HCV have been diagnosed as part of a screening program, a much higher percentage than in most other countries [21, 22] . It is likely that many of these patients are under specialist care, and those with advanced disease have been identified and entered into screening programs. Despite severe underlying liver disease, many of the patients with HCV-associated HCC were diagnosed within transplant criteria, and over 20% underwent transplantation.
In contrast the diagnosis rates of hepatitis B among migrants is likely to be somewhat lower, and many patients, even if diagnosed, may be considered as "healthy carriers" and not referred for specialist care or entered into routine HCC surveillance programs. These factors may account for the relatively higher rates of advanced tumor presentations, despite less severe liver disease in patients with HBV-associated HCC. Of note, 22% of patients with HBV-associated HCC were noncirrhotic and probably did not have clinically apparent liver disease. Screening recommendations for patients with HBV include patients without cirrhosis, patients older than 50, those with a family history of HCC, and those with active hepatitis [20] . It seems likely that these screening recommendations are not followed by nonspecialists. Furthermore, if patients are identified with HBV cirrhosis or active hepatitis, the introduction of antiviral therapy may significantly reduce the chance of developing HCC in the future [23, 24] . Non-alcoholic liver disease and alcoholic liver disease, the main causes of NVLD, are relatively common in the community, and it is likely that many of these patients are not under regular specialist care. Particularly in patients with NAFLD, advanced fibrosis and cirrhosis are under-recognized in primary care. Over reliance on ultrasound and a tendency to dismiss mildly abnormal liver tests as benign fatty liver disease, without the use of non-invasive investigations, such as the Fibroscan result in a missed opportunity to identify cirrhosis and appropriately refer or screen patients at risk. Furthermore 13% of patients with NVLD (predominantly NAFLD patients) did not appear to have cirrhosis at presentation with HCC, although a role for HCC surveillance in this group of patients has not been established.
Another important determinant of outcome may have been the age at diagnosis of HCC. Patients with either HBV, most of whom would have been infected in the perinatal period, or HCV which was mostly acquired in early adulthood from injecting drug use, presented at a younger age than those with NVLD. It is unclear whether age had a modifying effect on disease presentation, however it may have been important in determining appropriate treatment. Interestingly, age was just outside the threshold for statistical significance when analyzed as a predictor of survival, using the multivariate analysis.
In our cohort, univariate analysis showed that survival was poorer in patients with NVLD compared to those with chronic viral hepatitis. Poorer survival in patients with NVLD is likely to be multifactorial, related to more advanced liver disease, a greater tumor burden, and presentation at an older age, compared to patients with viral hepatitis, all of which were demonstrated in this study.
Indeed, in multivariate analysis, etiology was not an independent predictor of survival, but was related to tumor and liver disease severity. Related to poor characteristics at presentation, patients with NVLD and HCC were less likely to be amenable to curative, or even effective palliative management approaches and were more likely to receive best supportive care. Almost a third of patients with NVLD were not suitable for any active management, including Sorafenib. This is compared to 21% of HCV patients who were suitable for liver transplantation.
Our study has several limitations. We did not differentiate between death due to HCC from death due to other causes. Patients with NVLD were older and were more likely to have comorbidities, in particular cardiovascular disease. It is likely that the majority of deaths were liver-related, when one considers that these patients had more advanced liver disease, more advanced HCC, and were more likely to be managed with supportive therapy from the time of diagnosis.
Another limitation in our study relates to how our subjects came to be diagnosed with HCC. We documented if patients were diagnosed as result of screening by scrutinizing their medical records. If patients were found to have a small asymptomatic lesion, during an imaging procedure performed to evaluate their liver disease, even if not enrolled in a formal screening program, we categorized them in the screened group. This was to distinguish them from patients who presented with larger symptomatic HCC lesions. In our country, as in many others, screening is often not well documented, and may be done on an ad hoc basis rather than in a routine surveillance program.
In conclusion, in a large cohort of patients with HCC, those with NVLD had a greater tumor burden, worse liver function and older age at diagnosis, all resulting in a lower likelihood of receiving curative therapies such as surgical resection or liver transplantation. Importantly, patients with NVLD were more likely to present with symptomatic disease, rather than be diagnosed as a consequence of routine surveillance while asymptomatic. Our results highlight the need for early identification of liver disease in patients at risk of HCC, so that risk stratification and appropriate specialist referral and enrolment within an HCC surveillance program can be undertaken.
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